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The National Aeronautics and Space Act of
1958 directed the annual Aeronautics and
Space Report to include a “comprehensive
description of the programmed activities and the
accomplishments of all agencies of the United
States in the field of aeronautics and space
activities during the preceding calendar year.”
In recent years, the reports have been prepared
on a fiscal-year basis, consistent with the
budgetary period now used in programs of the
Federal Government. This year’s report covers

activities that took place from October 1,

2004, through September 30, 2005.
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NATIONAL AERONAUTICS
AND SPACE ADMINISTRATION
NASA

NASA completed a successful year of milestones and discoveries in 2005 as
the Agency began to implement the Vision for Space Exploration (VSE),
America’s long-term plan for returning astronauts to the Moon and to prepare for
voyages to Mars and other destinations in the solar system. The year included
returning the Space Shuttle to flight, the announcement of plans for America’s
next generation of spacecraft, numerous achievements in aeronautics, and dra-

matic discoveries in Earth science and space science.

Exploration Systems Mission Directorate

The goal of NASA’s Exploration Program is to conduct a series of human
space expeditions of increasing scope. These expeditions are expected to follow an
evolutionary pathway, starting in low-Earth orbit (LEO) with missions supporting
the International Space Station (ISS) and expanding to encompass the Moon,
Mars, and other destinations. The knowledge, technology, operational experience,
and systems developed during each stage of this program are expected to provide
the foundation for more extensive exploration activities as the Exploration Program
matures. As part of this evolutionary philosophy, the initial steps along this path are
designed to leverage flight-proven technologies and techniques of earlier human
exploration efforts, including the ISS, Space Shuttle, and Apollo programs.

The Exploration Systems Mission Directorate engaged numerous experts in
the public and private sector to perform studies to identify launch vehicle require-
ments for crew and cargo to support the nation’s Vision for Space Exploration. These

preliminary studies looked at over sixty-three launch vehicle options and assessed

§00¢C JteBOA |EBOSIY P—

SO 11IALLIDY



o

President

Space Report of the

and

Aeronautics

each of the architectures against numerous figures of merit, such as crew safety, mis-
sion success, cost, performance, schedule, and extensibility.

The NASA Administrator, Dr. Michael Griffin, then commissioned an
internal study of the exploration architecture. The Exploration Systems
Architecture Study (ESAS) was staffed by members of ESMD along with other
exploration and technology experts from NASA Centers and Headquarters. The
results of the ESAS included recommendations for exploration mission require-
ments, technology needs, and schedule. The mission requirements serve as the
basis for the design, development, and production of the exploration
systems necessary to achieve the VSE.

Based on the ESAS recommendations, the NASA Administrator instituted
changes that have impacted the allocation of and plans for ESMD investments.
The research and technology portfolio was reduced, with focus placed upon the
near-term requirements for lunar missions. The acquisition approach for the
Constellation Systems Program was revised to accelerate and more clearly define
the government’s requirements, as well as to increase the proportion of design,
development, and integration work to be performed by the government. In lieu of
industry trade studies and a longer competitive phase for selection of the Crew
Exploration Vehicle (CEV) contractor, NASA has taken the lead in both defin-
ing its needs for industry and accelerating the timeframe for down-selection of the
CEV contract. These revisions were made in an effort to address Congressional
and Administration requests for initial CEV capability earlier than 2014 while pri-
oritizing NASA investments to address funding constraints. ESMD modified its
strategy, plans, and organization to implement and achieve the VSE in the years

to come.

Management Approach

Since its inception in January 2004, ESMD has made communication and
active involvement with industry an essential part of its plans for achieving the
nation’s VSE. Through extensive discussions and competitive acquisition oppor-
tunities (industry days, draft solicitations, draft requirements, and workshops), the
private sector has provided invaluable contributions. ESMD also engaged industry
and the international community by conducting the forums “Space Exploration

Conference” and “International Workshop on Space Exploration.” These meetings



included plenary discussions, technical sessions, and informal informational

exchanges between NASA, industry, and the global space exploration community.

In addition to evolving its strategy and creating an organizational structure

and management team to implement the VSE, ESMD continued to make other

noteworthy accomplishments. The sections below highlight key elements of

ESMD scope, structure, and accomplishments.

Constellation Systems — Scope & Structure:

The Constellation Systems Program Office, which is responsible for
overall development of Constellation Systems, was moved from
NASA Headquarters (HQ) to Johnson Space Center (JSC). JSC
also manages the CEV, Space Suit Development, Mission Operations
Systems, and Commercial Crew/Cargo projects. Marshall Spaceflight
Center (MSFC) manages the Crew Launch Vehicle (CLV) and
Heavy Lift Launch Vehicle (HLLV), while Kennedy Space Center
(KSC) develops Ground Operations Systems. Glenn Research
Center (GRC) provides risk reduction and advanced technology
development for a new liquid oxygen/methane rocket engine.
Langley Research Center (LaRC) provides an unpressurized cargo
carrier, while Ames Research Center (ARC) provides Thermal
Protection System research. NASA Centers will also have responsi-
bility for overall Systems Engineering and Integration (SE&I).

HQ manages purchases of ISS Crew/Cargo services from
International Partners. NASA transferred ISS Crew/Cargo from the
Space Operations Mission Directorate (SOMD) to the ESMD to
ensure sound resource allocation between International Partner pur-
chases, commercial services, and NASA-developed systems. NASA’s
preferred path to meeting its needs to transport human-related cargo
or crew to and from the ISS is through cost-effective U.S. commer-

cial space transportation service providers.

Constellation Systems — Accomplishments:

NASA contracted with two industry teams to complete phase 1 engi-
neering studies for the CEV. These two industry teams (led by

Northrop Grumman and Lockheed Martin) are vying for the CEV

o

1B A |®Ds1

S00¢C

SO 11IALLIDY



-

President

Space Report of the

and

Aeronautics

contract. The phased down-select is proceeding as planned, with
selection planned for FY 2006.

NASA issued engineering study contracts to two Shuttle contractors
to study evolution of the Shuttle design for the CLV.

NASA completed the major CLV acquisition strategies.

ESMD released a draft solicitation for Commercial Crew/Cargo

transportation services.

Advanced Capabilities — Scope & Structure:

As part of the process of refocusing the Agency’s work to support

the VSE, ESMD significantly restructured the technology programs to
align their content with the new technology priorities for lunar explo-
ration identified by the ESAS. An overview of the changes in scope and

priorities is provided below.

The focus changed to near-term development of technologies needed
to support the CEV and the CLV, such as a propulsion system that
uses methane and oxygen propellants, and the heat shield that pro-
tects the vehicle during atmospheric entry.

A majority of the research and development directed to future Mars
missions was deferred.

The ESAS reprioritized the human systems research and technology
portfolio required to support the new exploration architecture.

The Prometheus Nuclear Systems and Technology (PNST) Program
was restructured to support the timely development of the new CEV
and to reflect Agency near-term technology development priorities
for lunar exploration. A decision was made to terminate all advanced
nuclear electric propulsion technology and nuclear reactor power
flight systems efforts, including all Jupiter Icy Moon Orbiter (JIMO)
activities. NASA initiated a research and technology effort focused
on key, high priority, long-lead nuclear systems and technology issues.
The research and technology development required to support the
VSE, including development of robotic precursor missions for lunar

exploration, resides under the guidance of ESMD’s Advanced



Capabilities Division. ESMD assigned management of the Advanced
Capability programs and projects to the NASA Centers.

The Robotic Lunar Exploration Program (RLEP) was transferred to
ESMD from the Science Mission Directorate (SMD).

ESMD transferred RLEP management responsibility from GSFC to
ARC. Lunar Reconnaissance Orbiter (LRO) project management
remains at GSFC. MSFC gained management responsibility for the
new RLEP-2 project. NASA LaRC manages the Exploration
Technology Development Program and JSC manages the Human
Research Program. PNST Program management resides with ESMD
Headquarters with participation by GRC and MSFC.

Advanced Capabilities — Accomplishments:

ESMD competitively selected the instruments and completed the
Systems Requirements Review (SRR) for the LRO mission, in
addition to establishing the initial requirements for a second
RLEP mission.

ESMD conducted the first two prize competitions in the Centennial
Challenges Program to demonstrate technologies applicable to space
elevators.

After completion of a successful review, the Fluids and Combustion
Facility (FCF) was shipped to KSC where it will be flown to the ISS.
NASA’s Human Research Facility (HRF-2) was flown to the ISS
where it will enhance human research aboard the ISS.

ESMD continued to engage with private industry in the transfer and
infusion of technology. Through the NASA Centers, the Agency
entered into over eighty-five partnership agreements infusing inno-
vative technology into NASA programs and over 220 licensing
agreements and fifty partnership agreements transferring NASA-

developed technology to the U.S. industrial sector.

Space Operations Mission Directorate

Since the release of the Columbia Accident Investigation Board (CAIB)

final report on August 26, 2003, NASA employees and contractors invested

approximately 3.5 million engineering hours of testing, analysis, development, and

D

1B A |®Ds1

S00¢C

SO 11IALLIDY



@)

President

Space Report of the

and

Aeronautics

processing to prepare Discovery for its flight on STS-114. With the goal of elimi-
nating, reducing, controlling, and mitigating potential hazards and risks in all
critical areas of the Space Shuttle system, Shuttle engineers made over 116 indi-
vidual hardware modifications. All improvements were vetted through a rigorous
and multilayered review process. The Return to Flight Task Group subjected the
fifteen CAIB Return to Flight recommendations to further independent assess-
ment. The Task Group’s findings provided the NASA leadership with an
important alternative opinion throughout the Return to Flight process and during
the STS-114 launch review. NASA’s Implementation Plan for Space Shuttle
Return to Flight and Beyond outlined the path that NASA took to respond to the
Board’s recommendations and safely return the Space Shuttle to flight. The
Implementation Plan was updated periodically to reflect NASA’s continuing
progress and to provide detailed cost estimates of the Return to Flight process.
NASA released the tenth revision to the Implementation Plan on June 3, 2005,
and issued a pre-launch addendum on July 7, 2005.

The launch of Space Shuttle Discovery on July 26, 2005, followed by its safe
return on August 9, 2005, represented important milestones in validating the
improvements made to the Space Shuttle system during Return to Flight—critical
first steps in executing the VSE. STS-114 also put the Space Shuttle and ISS pro-
grams in a position to resume ISS assembly flights in 2006. Discovery and its crew
delivered over 15,000 pounds of hardware and supplies to the ISS, conducted three
spacewalks to restore three of the Station’s four Control Moment Gyroscopes and
complete other installation activities outside the ISS, and brought over 7,200
pounds of expended hardware and unneeded supplies back to Earth.

Nevertheless, STS-114 also demonstrated that additional work needs to be
done prior to the launch of the second Return to Flight test mission, STS-121. As
of September 2005, the program had progressed through the normal post-flight dis-
position procedures for all STS-114 in-flight anomalies. In the case of the external
tank foam loss events, NASA commissioned both program and independent teams
to determine root causes and recommend mitigation activities. As of September
2005, these tasks were proceeding on a schedule that supported the May 2006
launch opportunity for STS-121.



Space Shuttle transition planning activities began soon after the announce-
ment of the VSE. The subject of transition was a major focus of the Integrated
Space Operations Summit in March 2005. The Summit provided a forum for indi-
viduals from government, industry, and academia to discuss mission execution and
transition issues within the context of the Space Shuttle’s 2010 retirement date.

As a result of recommendations made at the Summit, NASA established
the position of the Space Shuttle transition manager. The transition manager
gained responsibility for developing the Space Shuttle transition plan and recon-
ciling Space Shuttle transition efforts with existing policies and practices in areas
like dispositioning of Shuttle hardware and infrastructure, workforce transition,
environmental remediation, and knowledge management.

Throughout 2005, the Space Shuttle program continued to benchmark pre-
vious program phase-outs for lessons learned in maintaining safety and mission
assurance through the transition period. The program also convened several tech-
nical interchange meetings to prepare for an orderly Space Shuttle transition. The
Associate Administrators for both Space Operations and Exploration Systems pro-
vide senior-level Agency leadership of the transition process through the Space
Shuttle Transition Control Board. This group retained responsibility for oversee-
ing the transition of Space Shuttle workforce, infrastructure, hardware,
knowledge, and contracting mechanisms between the current Space Shuttle pro-
gram and future exploration systems.

In FY 2005, overall ISS systems performance surpassed expectations. The
highlight of the year was the first Space Shuttle visit to the ISS since 2003, bringing
with it science payloads and hardware. By the end of FY 2005, the ISS vehicle was
in its best operational condition since early 2003 and ready for assembly resumption.

The year began with a Station crew exchange. The Expedition 10 crew,
U.S. Commander Leroy Chiao and Russian Flight Engineer Salizhan Sharipov,
replaced Expedition 9 onboard the ISS on October 16, 2004. Chiao and Sharipov
conducted two two-person extravehicular activities (EVA) safely and successfully
without a crewmember inside the Station.

The Expedition 10 crew returned to Earth on April 24, 2005, replaced by
Expedition 11. Russian Commander Sergei Krikalev and U.S. Flight Engineer
John Phillips arrived at the ISS on April 17, 2005. Krikalev and Phillips performed

one EVA. Phillips also participated in the first-ever Congressional hearing with
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live testimony from orbit on June 14, 2005. Expedition 11 returned to Earth in
October 2005.

Our Russian partners continued to support crew and cargo transportation to
the ISS. In FY 2005, automated Russian Progress vehicles re-supplied the two-
person crew four times, and Russian Soyuz vehicles transported two crews safely
and reliably to and from the Station. This level of cooperation has enabled a con-
tinuous crew presence on the ISS. A highlight of Russia’s re-supply was the
delivery and successful activation of a new Elektron oxygen generation system.

The high point of the year came in August, when Space Shuttle Discovery
visited the Station. The Shuttle transferred more than 15,000 pounds worth of
supplies and hardware to the ISS, including food, water, nitrogen, lithium hydrox-
ide canisters, and scientific equipment. In addition, the Shuttle returned more
than 7,200 pounds worth of expended hardware and unneeded supplies from the
ISS back to Earth.

Other highlights from Discovery’s mission included the repair and/or
replacement of two of the Station’s four Control Moment Gyroscopes (which pro-
vide attitude control for ISS), thereby restoring the Station to its full capability.
The Shuttle crew also installed the External Stowage Platform-2—an external
platform for storing components and assisting astronauts in conducting EVAs from
the ISS—replaced a Global Positioning System (GPS) antenna, reboosted the
orbit of the ISS, and conducted a fly-around and complete photographic survey of
the ISS prior to reentry.

Although the reduced crew size and transport capabilities of the Russian
Progress and Soyuz spacecraft limited planned science activities on the Station,
NASA maximized the research opportunities available through replanning and
rescheduling science activities. Through the end of FY 2005, approximately 246
hours of combined crew time were dedicated to research.

The arrival of STS-114 enhanced the science capacity on board the Station
by transferring the Human Research Facility-2 (HRF-2) to the U.S. Destiny
module. This facility increased the on-orbit laboratory capabilities for human life
science researchers to study and evaluate the physiological, behavioral, and chem-
ical changes induced by space flight. Three new experiments also flew on
STS-114; furthermore, the Discovery crew deployed another round of an on-going

experiment called Materials on International Space Station Experiment (MISSE)



and returned two sets of materials that had been outside the ISS as part of this
experiment. STS-114 Discovery also returned the first significant downmass of sci-
ence data and samples since December 2002.

The International Partnership successfully met the challenge of continuing
ISS operations while the Space Shuttle was grounded. The Partners met frequently
at the technical and management levels to coordinate efforts to maintain our
common goal of keeping the ISS crewed. The Partnership plans to resume assem-
bly as soon as the Space Shuttle completes its second Return to Flight mission.

In May 2005, the Administrator directed the Shuttle/Station Configuration
Options Team to evaluate options for completing ISS assembly within the param-
eters of the VSE. The planned launch manifest included the U.S. elements and
accommodated almost all of the International Partner elements, with the excep-
tion of the Russian Science Power Module. The International Partners agreed to
conduct a series of multilateral discussions to assess NASA’s proposed plan in
anticipation of ISS Multilateral Coordination Board and Heads of Agency meet-
ings in early 2006.

Reliable communications connectivity for space flight programs via the
Tracking and Data Relay Satellite System (TDRSS) remained the focus of Space
Communications activities in FY 2005. TDRSS is a constellation of geosynchro-
nous communications satellites and ground support facilities for use by the Space
Shuttle, the ISS, the Hubble Space Telescope, and other low-Earth orbiting space-
craft. When first launched, the TDRS satellites were the largest and most
sophisticated communications satellites ever built. In 2005, the TDRSS supported
science and human space flight missions with a 99+9% proficiency.

An Agencywide Space Communications Architecture Working Group
(SCAWG) established a NASA space communications architecture to meet the
needs of NASA’s future exploration and science missions. The SCAWG put in
place several preliminary architectures and continued to develop a communica-
tions technology roadmap as a basis for future investment in space
communications technology initiatives.

Senior NASA Spectrum Management personnel remained actively
involved in implementing the recommendations from the Task Force regarding
the Presidential initiative to bring the United States Spectrum Management

activities into the 21st Century. NASA submitted its portion of the National
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Spectrum Long Range Forecast as required by these recommendations. NASA
made a concerted effort to ensure efficient use of its spectrum requirements for all
missions and programs, while also associating these uses with Capital Planning
efforts to ascertain the cost of using spectrum. NASA continued to prepare for the
next World Radiocommunications Conference 2007 by actively participating in
all international activities and forums.

The Space Operations Mission Directorate Launch Services Program suc-
cessfully managed the launches of five missions on expendable launch vehicles in
FY 2005. The Swift spacecraft, Deep Impact spacecraft, and Mars Reconnaissance
Orbiter spacecraft were launched from the Cape Canaveral Air Force Station,
Florida, and the Demonstration of Autonomous Rendezvous Technology
(DART) spacecraft and National Oceanic and Atmospheric Administration
(NOAA-N) spacecraft were launched from Vandenberg Air Force Base,
California. Swift began documenting gamma ray bursts as part of an effort to
enable scientists to explain the origins and nature of these bursts. Deep Impact
delivered a probe that slammed into the nucleus of comet Tempel 1, releasing an
immense cloud of fine powdery material.

DART was to establish autonomous rendezvous capabilities for the U.S.
space program, however, after a successful rendezvous, acquisition of the target
spacecraft, and approach to within approximately 300 feet, DART placed itself in
the retirement phase before completing all planned proximity operations, ending
the mission prematurely. NOAA-N was another of the continuing series of polar
orbiting weather satellites. For all of these missions, NASA competitively pro-

cured launch services from domestic commercial companies.

Science Mission Directorate

January 2005 started with the launch of Deep Impact, beginning its 268
million miles journey to the vicinity of comet Tempel 1. Composed of primitive
debris from the solar system’s distant and coldest regions that formed 4.5 billion
years ago, comets hold clues about the formation and evolution of the solar
system. Deep Impact, a NASA Discovery Mission, was the first space mission to
probe beneath the surface of a comet and reveal the secrets of its interior. On July
3, 2005, the spacecraft deployed an impactor that was destroyed by the nucleus of

comet Tempel the following day. This deep space July 4th fireworks display took



place at the velocity of about 23,000 miles per hour, and was witnessed by over
80 million Internet users. Before, during, and after the demise of this 820—pound
impactor, a flyby spacecraft watched the approximately four-mile wide comet
nucleus from nearby, collecting the most up-close personal data and images of a
comet in the history of space exploration.

NASA airborne and orbiting science instruments yielded data that helped
Federal authorities and the general public gain better insight into the devastating
2005 hurricane season. Observations of ocean surface winds made with the
Agency’s unique technologies, such as the SeaWinds instrument on ADEOS II
and the Tropical Rainfall Monitoring Mission (TRMM) satellite, allowed scien-
tists to see rainfall inside the storms and their eyewalls and to measure each storm’s
strength. Observations from a suite of satellites and aircraft, such as the LandSat
satellite and the MODIS instrument on NASA’s Terra satellite, were used to create
before-and-after images of New Orleans’s post-Hurricane Katrina flooding and
provide post-storm views of damage from land-falling hurricanes.

NASA’s new Hurricane Resource Web page brought NASA Earth Science
to the general public this year and highlighted the huge array of the Agency’s hur-
ricane research. It became a resource for the global media on the latest NASA
research, satellite imagery, hurricane updates, videos, and animations.

NASA and NOAA scientists at the Joint Center for Satellite Data
Assimilation in Camp Springs, Maryland, came up with procedures to improve
forecasting accuracy. Working with experimental data from the Atmospheric
Infrared Sounder instrument on NASA’s Aqua satellite, they found that incorpo-
rating the instrument’s data into numerical weather prediction models improved
the accuracy range of experimental six-day Northern Hemisphere weather fore-
casts by up to six hours.

Combining research efforts with National Snow and Ice Data Center in
Colorado, NASA used satellite data from the Geoscience Laser Altimeter System
(GLAS) instrument on ICESAT (Ice, Cloud, and Land Elevation Satellite) to
confirm that the amount of sea ice floating in the Arctic is less than in previous
years, a finding consistent with the Arctic’s warmer temperature. Each September,
the amount of sea ice floating in the Arctic Ocean is typically at its lowest amount
for the entire year. Since 2002, the amount of sea ice has been 20 percent less than

the average recorded amount between 1979 and 2000.
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Despite near-record levels of chemical ozone destruction in the Arctic
during the 2004-2005 winter, observations from NASA’s Aura spacecraft allowed
scientists to differentiate between chemical ozone destruction and the ozone level
changes caused by air motions that vary dramatically from year to year. Analysis
from Aura’s Microwave Limb Sounder indicated Arctic chemical ozone destruc-
tion during the 2004—2005 winter peaked at near 50 percent in some regions of the
stratosphere—a region of Earth’s atmosphere that begins about 8 to 12 kilometers
(5 to 7 miles) above Earth’s poles. This was the second highest level ever recorded,
behind the 60 percent level estimated for the 1999-2000 winter. Data from
another instrument on Aura, the Ozone Monitoring Instrument, found that the
total amount of ozone over the Arctic in March 2005 was similar to other years
when much less chemical ozone destruction had occurred. NASA’s Polar Aura
Validation Experiment independently confirmed the data obtained by Aura. In
January and February 2005, NASA’s DC-8 flying laboratory flew underneath Aura
as the spacecraft passed over the polar vortex. The experiment used ten instru-
ments to measure temperatures, aerosols, ozone, nitric acid, and other gases.

Toni Scarmato, a high school teacher from Italy, discovered the Solar and
Heliospheric Observatory (SOHO) spacecraft’s 999th and 1,000th comet in
August 2005 when two comets appeared in the same SOHO image. The SOHO
spacecraft is a joint effort between NASA and the European Space Agency. In the
history of astronomy, it has accounted for approximately one-half of all comet dis-
coveries with computed orbits. SOHO successfully completed its primary mission
in April 1998, but it continued to provide useful information through FY 2005.

NASA’s Mars Exploration Rovers struggled with rocky slopes and loose sand
this year, yet managed to reach new sites for reading the environmental history
recorded in Martian rocks. In August 2005, Spirit arrived at the summit crest of a
range of hills that had appeared on the distant horizon from the rover’s original
landing site. The composition and structure of rock outcrops on these hills told of
explosive events—eruptions, impacts, or both—and alteration by water. Spirit
then headed downhill to reach layered deposits to the south. Opportunity made
southward progress all year toward a crater deeper than the ones where the rover
had previously encountered evidence that water once soaked the ground and
flowed across its surface. Opportunity’s journey was punctuated by an examination

of the spacecraft’s own jettisoned heat shield and several weeks of digging itself out



of the sand. Late in 2005 and nearly twenty-three months into what had been
planned as three-month missions, each rover had completed a full Martian year of
exploring Mars.

In the ninth year of its extended mission around Mars, NASA’s Mars Global
Surveyor orbited over the Mars Exploration Rovers. It’'s observations included
tracks made on the lunar surface by falling boulders in the last two years. In addi-
tion, the Surveyor’s visualizations of new impact craters formed since the 1970s
suggested changes need to be made to earlier age-estimating models. For three
Mars summers in a row, deposits of frozen carbon dioxide near the planet’s south
pole have shrunk from the previous year, suggesting a climate change may be in
progress. Mars years are nearly twice as long as Earth years. The orbiter’s longevity
has enabled monitoring of year-to-year patterns on Mars, such as seasonal dust
storms and changes in the polar caps. Beyond its own investigations, the orbiter
has provided support for other Mars missions, such as landing-site evaluations,
atmospheric monitoring, communication relay, and imaging of hardware on the
surface.

The Mars Reconnaissance Orbiter (MRO) took off from Cape Canaveral
Air Force Station, Florida, on August 12, 2005, aboard the first Atlas V launch
vehicle used for an interplanetary mission. The spacecraft was designed to scruti-
nize the physical features of Mars in unprecedented detail from the top of the
atmosphere to underground layering. NASA expects the Orbiter to reveal the his-
tory and distribution of Martian water and to return more data than all previous
missions combined. The MRO is expected to also support future Mars missions by
characterizing possible landing sites and providing a high-data-rate communica-
tion relay.

The Cassini-Huygens mission began the year with the dramatic release and
descent of the European Space Agency (ESA) Huygens probe through the murky
atmosphere of Saturn’s largest moon, Titan. Cassini and the probe discovered that
the moon is remarkably Earth-like, complete with evidence of methane rain, ero-
sion, stream-like drainage channels, dry lake beds, volcanism, and very few craters.
After delivering the Huygens probe to Titan, Cassini began a whirlwind tour of
Saturn’s icy moons with over one dozen targeted flybys. The spacecraft returned

breathtaking views of these icy worlds. In the midst of this multi-moon tour,

§00¢C JteBOA |EBOSIY P—

SO 11IALLIDY



-

President

Space Report of the

and

Aeronautics

Cassini discovered that the moon Enceladus has an atmosphere, and that it
appears to be contributing particles to Saturn’s massive E-ring.

Astronomers partly funded by NASA discovered a planet-sized body larger
than Pluto in the outlying regions of the solar system. Whether the new object,
called 2003UB313, will be determined to be the tenth planet in our solar system
is currently being decided by the International Astronomical Union. Using the
Samuel Oschin Telescope at Palomar Observatory near San Diego, Mike Brown
and his colleagues from the California Institute of Technology in Pasadena,
California, discovered the putative planet.

Using NASA’s Hubble Space Telescope to view Pluto, astronomers discov-
ered that it may have three moons rather than only one. If confirmed, the
discovery of the two additional moons could offer insights into the nature and evo-
lution of the Pluto system, the Kuiper Belt Objects with satellite systems, and the
early Kuiper Belt—a vast region of icy, rocky bodies beyond Neptune’s orbit.

NASA also enlisted the Hubble Space Telescope’s unique capabilities in
support of future human exploration to the Moon. Hubble’s resolution and sensi-
tivity to ultraviolet light allowed it to begin searching for the presence of
important minerals that may be critical for the establishment of a sustained human
presence on the Moon. Preliminary assessment of the new class of science obser-
vations suggested new patterns in the prevalence of titanium and iron oxides, both
of which are sources of oxygen—an essential ingredient for human exploration.

Pointing the versatile LEO space telescope to deep space, scientists using
Hubble identified the source of a mysterious blue light surrounding a super-mas-
sive black hole in our neighboring Andromeda Galaxy (M31) —a strange light
that had puzzled astronomers for more than a decade. Scientists concluded that
the blue light is coming from a disk of hot, young stars whipping around the black
hole in much the same way as planets in our solar system revolve around the Sun.
These new observations by the Hubble’s Imaging Spectrograph (STIS) revealed
that the blue light consists of more than 400 stars that formed in a burst of activ-
ity about 200 million years ago. These stars are tightly packed in a disk only a
light-year across and nested inside a ring of older, redder stars previously observed
by the Hubble.

In late May, NASA announced that the Voyager 1 spacecraft, having trav-

eled 8.7 billion miles from the Sun, had crossed outside the termination shock and



at last entered the heliosheath—the vast, turbulent expanse where the solar wind
is much slower, thicker and hotter than the supersonic solar wind closer to the Sun.

Through the unprecedented coordination of observations from several
ground-based telescopes and NASA’s Swift and other satellites, scientists solved
the 35-year-old mystery of the origin of powerful, split-second flashes of light
known as short Gamma-Ray Bursts (GRBs)—the most powerful explosions the
universe has seen since the Big Bang. These flashes occur approximately once per
day and are brief, but intense, flashes of gamma radiation that last only a few mil-
liseconds. Two recently detected bursts were featured in four papers in an October
issue of Nature magazine. During Swift’s two-year nominal mission, scientists
anticipate retrieving data for approximately two hundred GRB’s, yielding infor-
mation about the GRB’s origin while also providing insight into the activities of
the early universe.

NASA’s Spitzer Space Telescope captured for the first time the light from
two known planets orbiting stars other than our Sun. Prior to this discovery, all
observations of confirmed extrasolar planets were indirect. However, in this case,
Spitzer picked up the heat radiation, or infrared glow, from Jupiter-sized planets.
Spitzer’s findings marked the beginning of a new age of planetary science in which

scientists can measure and compare extrasolar planets directly.

Aeronautics Research Mission Directorate

It is possible to fly without motors, but not without knowledge and skill,"
said Wilbur Wright, American inventor and aviator, more than 100 years ago. In
FY 2005, the aeronautics professionals at NASA continued to demonstrate their
knowledge and skill by completing, or taking to the next level, a wide range of
research efforts in aviation safety and security, aviation operations and systems,
and revolutionary new vehicle capabilities. The year produced a long list of
accomplishments in technology, especially those demonstrating NASA’s ability to
productively partner with industry, academia, and other government agencies.

The year took off at record-breaking speed in November 2004 with the
third flight of the X-43A research vehicle. The flight was the last and fastest of
three unpiloted tests in NASA’s Hyper-X Program, whose purpose was to explore
an alternative to rocket power for space access vehicles. The X-43A’s air-breathing

scramjet engine has no moving parts, instead compressing the air passing through
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it to ignite the fuel. Reaching Mach 10—nearly 7,000 miles per hour—the
November flight, which flew at 110,000 feet, broke an earlier record set during a
March 2004 flight, and was later officially recognized by Guinness World Records
as the newest world speed record by a jet-powered aircraft. Ultimately, the true
prize to be gained is the new technology that will allow aircraft to reach supersonic
speeds while retaining subsonic maneuverability.

In a related note, one month after that flight, NASA retired the B-52B
“mother ship” launch aircraft that had carried the X-43 A while mated to its Pegasus
booster rocket for all its test flights. After nearly a half-century of carry-and-drop
work assignments for numerous advanced flight research vehicles, the B-52B was
retired during a ceremony at NASA Dryden Flight Research Center (DFRC).

FY 2005 also witnessed the last flights of NASA’s Pathfinder-Plus, a solar-
electric flying wing aircraft that was built in the 1990s to facilitate research of
long-duration, high-altitude flight. The last short series of flights conducted in late
summer provided improved capability to predict the performance of this class of
flexible wing vehicles.

“It works! . . . we’ve proven the AAW concept,” said Larry Myers, project
manager for NASA’s Active Aeroelastic Wing (AAW) project. In March 2005,
second phase flight-testing of a modified F/A-18A fitted with flexible wings proved
the concept that warping an aircraft’s wing will improve its turning ability. The
idea actually dates back to the Wright brothers, who used cables attached to the
wingtips of their 1903 flyer to twist the wing and turn the airplane. More than 100
years later, NASA used software in the aircraft’s flight control computer to react
accurately to the flexible wings’ movements during twisting maneuvers at various
speeds and altitudes. NASA expects the results from these tests to be used to
develop faster, more capable military aircraft, as well as high altitude, long-
endurance, and uninhabited aerial vehicles, large transport aircraft, and
high-speed, long-range aircraft.

After last fiscal year’s agreement between NASA and the Federal
Aviation Administration (FAA) to reach certain performance metrics related to
operating uninhabited aerial vehicles (UAV) in the National airspace, NASA
embarked on a series of UAV demonstration flights with Agency partners,
including the FAA and the National Oceanic and Atmospheric Administration.

Flights included the testing of UAVS’ ability to react to obstacles (the “flocking”



effect); to capture Earth science data to fill in critical data gaps for weather, water,
climate, and ecosystem monitoring; and to use thermal lifts to prolong flight and
save fuel while making observations, such as forest fire monitoring, traffic control,
and search and rescue.

In support of NASA’s objective to increase capacity and mobility within the
National airspace, the Aeronautics Research Mission Directorate (ARMD) con-
ducted integrated flight experiments demonstrating the feasibility of the four
Small Aircraft Transportation System (SATS) project operating capabilities:
higher volume operations, en-route integration, lower landing minima, and single-
pilot performance. SATS partners—the FAA, and the members of the National
Consortium for Aviation Mobility—demonstrated those capabilities at a three-day
public event in June 2005 at a regional airport in Virginia. The event, "SATS
2005: A Transformation of Air Travel," also represented the culmination of the
five-year SATS project. Private-sector SATS partners sought certification on at
least 22 products.

Flying an aircraft safely calls for an incredible degree of awareness of the
environment in and around the aircraft, as well as in-flight and on the ground. The
technology accomplishments in aviation safety and security at NASA revolve
around improving that situational awareness in order to prevent accidents and to
keep aircraft, crew, cargo, and passengers safe. In support of the ARMD objective
to reduce the aviation fatal accident rate by 50 percent over the FY 1991-96 aver-
age, a number of these technologies reached a readiness level that allowed them to
be tested during experimental flights and often through unique public/industry
partnerships.

During FY 2005, NASA took a number of aviation safety technologies—
many eagerly anticipated by commercial and general aviation industries, air
transportation controllers and managers, and meteorologists—to their next level
of development. These are as follows:

e NASA’s Synthetic Vision Systems (SVS) project moved from small aircraft
testing in FY 2004 to testing aboard a Boeing 757 in FY 2005. The SVS gen-
erates a computer-based, sensor-derived electronic picture that shows pilots
what is outside the cockpit regardless of visibility limited by darkness or poor
weather. Because of stellar testing results, SVS project partner Chelton

Flight Systems developed the system for the commercial aviation
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market. SVS now flies in hundreds of small planes across the United
States and abroad, in addition to receiving numerous certifications in
FY 2005 from small aircraft manufacturers for use in their aircraft. [t was
used aboard the Virgin Atlantic Global Flyer during its record-breaking
non-stop flight around the world in late winter 2005.

e The Tropospheric Airborne Meteorological Data Report (TAMDAR)
sensor measures a variety of weather factors and transmits them to a
ground data center that processes the data for forecasters, pilots, and
other aviation personnel. Operational testing of TAMDAR took place
daily since January 2005 through the Great Lakes Fleet Experiment—a
partnership between NASA and Mesaba Airlines of Minneapolis.
Mesaba’s 63 commuter aircraft generated over 25,000 TAMDAR obser-
vations daily.

e The Turbulence Auto-PIREP System (TAPS) was tested on more than
80 Delta Airlines passenger jets. TAPS takes over when pilots are too
busy, automatically broadcasting turbulence encounter reports to other
planes and monitors on the ground.

In support of a National airspace that can accommodate more aircraft,
NASA, along with the FAA and industry partners, developed the Multi-Center
Traffic Management Advisor (McTMA). The software is driven by a powerful tra-
jectory synthesis engine that converts radar data, flight plans, and weather
information into highly accurate forecasts of air traffic congestion. Tests at the
Philadelphia International Airport in November 2004, and at a number of Air
Route Traffic Control Centers, brought McTMA closer to full operation. An ear-
lier version of this tool, Traffic Management Advisor, has been in use since 2002
at several major hubs. According to the FAA, TMA is estimated to have saved air-
space users more than $180 million and reduced delays by more than 72,000 hours.

NASA also delivered the multi-volume results of a comprehensive data col-
lection project supporting proposed operational changes in the Wake Vortex
Avoidance guidelines. Wake turbulence is a major contributing factor to increased
terminal delays and reduced terminal capacity. Defining a new acceptable level of
wake vortex encounter would positively impact air transportation capacity. Results
from the data collection efforts were vetted to the wake vortex community and

then released to the public in June 2005.



NASA continued research on using modern communication network tech-
nologies to improve the National Airspace System’s communications, navigation,
and surveillance infrastructure. Draft roadmaps and benefits assessments will pro-
vide a blueprint for technological improvements to total system performance, as
well as performance on the ground at airports and in the air over oceans.

In support of reducing aircraft emissions, NASA completed key studies on
advanced fuel cell and hybrid systems that would support the use of solar-powered
vehicles in science missions. In addition, a low-drag slotted wing concept at flight-
design conditions was tested.

Testing of engine combustion technology that would reduce nitrous oxide emis-
sions moved from last year’s preliminary design stage to a series of full-annular rig tests
of combustor configurations compatible with large commercial aircraft. NASA
achieved a 67 percent reduction of emissions, just short of the target 70 percent reduc-
tion. Lowering aircraft emissions helps to reduce smog and to lower atmospheric ozone.

NASA’s Quiet Aircraft Technology project installed more than 50 micro-
phones and other sensor arrays aboard a Boeing 757 to isolate sources of noise that
irritate crew and passengers as part of it’s effort to reduce aviation noise 10 decibels by
2009. NASA also studied different propulsion technologies that would support devel-
opment of a small, quiet supersonic vehicle that flies over land—a supersonic business
jet. Along with the propulsion activities, NASA completed 10 test flights that pro-
duced 45 low sonic booms. The impact of sonic boom noise would need to be mitigated
before aircraft could ever fly at supersonic speeds over land.

In support of efforts to improve the security of the National airspace, NASA
implemented interactions and formal research agreements with the Transportation
Security Administration, the Federal Air Marshall service, and the Department of
Homeland Security Science and Technology Directorate. With those partners, NASA
developed the Security Incidents Reporting System (SIRS), an anonymous incident
reporting system that utilizes a limited immunity security structure. SIRS collects
reports of real-world security incidents that personnel may never have reported
through conventional channels. NASA also analyzed threat assessments and devel-
oped a concept for surveillance of protected areas.

FY 2005’s string of productive partnerships continued as NASA, working
with the Department of Defense and industry, completed studies of three different

types of heavy-lift Vertical Take-Off and Landing rotorcraft configurations. The
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studies are designed to provide strategic input to future decisions on commercial/mil-
itary vehicles that operate independently of runways. NASA also conducted tests
jointly with the Navy to determine whether planned upgrades to E-2C carrier-based
aircraft would negatively impact gross weight and resulting performance.

FY 2005 saw the completion of two NASA research endeavors that have
operated for nearly 10 years. The Advanced Air Transportation Technologies proj-
ect—established in 1996 to develop technology that improved the capacity of
transportation aircraft at and between major airports—ended in February 2005.
Set up in 1997 to address the need for preventing actions that would cause damage,
harm, or loss of life, the Aviation Safety & Security Program completed its work
in November 2005.

Industry and educators often look to NASA for education materials on avi-
ation safety, science, history, and careers. NASA released a free, online de-icing
training course for pilots in FY 2005 as part of the Agency’s goal to reduce the rate
of aircraft accidents. Developed by an international team led by NASA researchers,
the self-guided course provides pilots with general ground icing knowledge.

After several years of development, NASA premiered the online interac-
tive education product, Fly By Math™, for students and teachers in grades 5-9 as
part of NASA’s Smart Skies™ program. Smart Skies teaches youth how aviation
professionals manage and direct air traffic using distance, rate of speed, and time
relationship calculations.

Of the 300 Small Business Innovation Research Phase I grants awarded by
NASA in FY 2005, 43 of them were awarded by the Aeronautics Research Mission
Directorate to businesses in 15 states. These businesses are expected to develop
technologies in response to specific NASA mission-driven needs, including
improved aviation safety, aircraft health management and analysis, breakthrough
technologies for noise reduction, new propulsion technologies, and technologies
to support next-generation air traffic management systems.

Finally, NASA continued its leadership role in the Joint Planning and
Development Office (JPDO). The multi-agency JPDO vision and roadmap for the
Next Generation Air Transportation System (NGATS) is expected to provide a

foundation for our future Airspace research plans.



DEPARTMENT OF
DEFENSE
DOD

During FY 2005, the Department of Defense (DOD) engaged in a wide
variety of aerospace activities, from Science and Technology (S&T) efforts to
full space system deployment and operations. The S&T efforts involved devel-
oping new technologies to enhance the warfighter’s capabilities. The DOD
conducted testing of these new technologies, often in coordination with NASA,
to prove the concepts in a space environment and reduce the risks associated
with incorporating them into full systems. The full system activities focused on
continuing space-based missile warning systems, preparing for the next genera-
tion Global Positioning System constellation, developing new military
communication systems, and partnering with NASA and the Department of
Commerce (DOC) on the National Polar-orbiting Operational Environmental
Satellite System (NPOESS). The Air Force (USAF) continued its success with
the Evolved Expendable Launch Vehicle (EELV) program while preparing to
retire the Titan legacy launch vehicles.

In August 2005, the DOD Executive Agent for Space, Dr. Ronald Sega, and
NASA Administrator Michael Griffin signed an agreement coordinating the
space transportation strategy presented by NASA to support the Vision for Space
Exploration. This agreement, in accord with National Security Policy Directive
40, outlines a strategy that separates human-rated space exploration systems from
unmanned launch vehicles. Under the terms of the agreement, NASA will initi-
ate development of a Crew Launch Vehicle and a super-heavy lift vehicle from
shuttle-derived components. NASA has also agreed to use EELV to the maximum
extent possible both for launches of robotic civil and science missions and for

International Space Station cargo re-supply missions. The agreement, further-
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more, commits the DOD and NASA to continued cooperation on the develop-
ment of spaceflight technologies. This agreement serves the national interest by
maintaining reliable an